Background It is uncertain whether high baseline uric acid (UA) or change in UA 51
Introduction 75
High serum uric acid (UA) concentrations are associated with increased all-cause 76 mortality 1 , cardiovascular disease 2, 3 , metabolic syndrome [4] [5] [6] [7] , and kidney 77 disease 8, 9 and also with hypertension [10] [11] [12] . However, the causal nature of the 78 relationship has been questioned, with a Mendelian randomization study 79
suggesting that body mass index may confound the association between UA and 80 ischemic heart disease and hypertension 13 . There has been a resurgence of 81 interest in the relationship between UA metabolism and development of disease 82 states, since experimental data demonstrates that oxidative stress is one of the 83 earliest phenomena observed in vascular, renal, liver and adipocyte cells exposed 84 to UA 14 , potentially explaining a link between increased serum UA concentrations 85 and incident disease. 86
87
A major unresolved question is the role of UA in the development of hypertension. 88
A meta-analysis of 18 prospective cohorts including 55,607 participants found a 89 13% increase in incident hypertension associated with 1mg/dL increase in uric 90 acid level 15 , but there was substantial heterogeneity across studies and control for 91 confounding was limited. Importantly, none of those studies was able to adjust 92 simultaneously for kidney function and for insulin resistance, two major 93 confounders of the association between UA and hypertension. The present analysis initially included all study participants with at least one follow-116 up visit for endpoint ascertainment between 2002 and 2010 (N = 136,158; 84,045 117 men and 52,113 women). Participants were excluded at baseline if they had 118 hypertension (defined as self-reported history of hypertension, current use of 119 antihypertensive medications, a systolic blood pressure > 140 mm Hg or a 120 diastolic blood pressure > 90 mm Hg; N = 20,585), or if they reported a history of 121 coronary artery disease, cardiovascular disease (CVD), cancer, diabetes, 122 metabolic syndrome (N = 24,978). We further excluded participants with missing 123 data at baseline for serum UA (N = 2) or any relevant adjustment covariates (N =6,181 
Statistical analyses 178
Comparisons of the baseline characteristics of the study population were done 179 with the χ2-test and student t-tests and transformations were conducted for 180 nonparametric variables. The distributions of continuous variables were evaluated. 181
The final number of study participants was categorized into 4 groups according to 182 baseline serum uric acid level. 183
Cox proportional hazards models were used to estimate adjusted hazard ratios 184 (HR) and 95% confidence intervals (CI) for incident hypertension, adjusted for pre-185 specified potential confounders measured at the baseline visit. 186
187
Since UA levels are higher in men compared to women, we conducted all 188 analyses separately by sex. For the primary analyses, the study sample was 189 divided in sex-specific quartiles of UA, and we estimated adjusted hazard ratios for 190 incident hypertension comparing the three highest quartiles of UA to the lowest 191 quartile in each sex. As secondary analysis, UA was modeled as a continuous 192 variable in the regression models. The models were first adjusted for age, smoking participants who developed hypertension were more likely to be male, older, to 223 have a higher baseline BMI, blood pressure, HOMA-IR, and to have a lower eGFRcompared to those who did not develop hypertension (Supplement Table 1 men and women, UA concentrations were inversely associated with age and 229 eGFR, and positively associated with BMI, blood pressure, and HOMA-IR (Table 1  230 and 2). 231
232
The risk of incident hypertension increased progressively across the quartiles of 233 UA in both men and women (Table 3 ). In the fully adjusted regression model, 234
including adjustments for insulin concentration and eGRF, the hazard ratios (95% 235 CI) for incident hypertension comparing the highest vs. the lowest quartiles of UA 236 were 1.29 (1.19-1.38) in men and 1.24 (1.09-1.42) in women, with statistically 237 significant P value for trend for both gender. When UA was included as a 238 continuous variable in the models, the fully adjusted hazard ratios for incident 239 hypertension associated with a 1 SD increase in UA [1 SD = 82.68 μmol/L (1.39 240 mg/dL)] were 1.11 (1.08-1.15) and 1.17 (1.08-1.26) for men and women, 241 respectively. 242 UA concentration increased in 3,266 participants (2,555men and 711 women) 243 among those who had more than 3 visits and no hypertension at baseline. Among 244 participants with baseline UA concentrations ≥median, the fully adjusted hazard 245 ratios for incident hypertension comparing participants with stable or increased to 246 those with decreased UA concentration were 1.14 (1.03-1.26) and 1.18 (0.98-247
1.40) in men and women, respectively (Table 4) . Among participants with baseline 248 and 1.00 (0.82-.22) for men and women, respectively. 250
Since those with a history of coronary artery disease, CVD, cancer, diabetes and 251 metabolic syndrome at baseline were excluded, the cox proportional methods 252 were repeated after inclusion of these populations to warrant the robustness of the 253 results. Including those subjects did not alter the results with the fully adjusted 254 hazard ratio (95% CI) for incident HTN 1.22(1.15-1.30) in men and 1.25(1.10-1.41) 255 in women (Supplement Table 2 ). Other additional analyses of risk for incident 256 hypertension in individuals not on antihypertensive treatment during follow up, 257 stratified according to age and drinking status, and stratified according to incident 258 diabetes are described, respectively (Supplement Table 3 Stratification according to drinking status did not affect the results whereas age 262 and incident diabetes showed significant P value for interaction, 0.015, 0.017 263 respectively. We also conducted an additional analyses to seek whether control of 264 gender difference and family history of hypertension would affect the result, 265 respectively, which found to be not (Supplement Table 6 including one study reporting only unadjusted findings. In this meta-analysis, the 283 association between UA and hypertension was stronger in younger study 284 populations. Our study, with almost double the combined sample size of the 285 studies included in the previous meta-analysis, found a graded association 286 between UA concentrations and incident hypertension across the range of UA 287 levels which persisted after adjusting for multiple risk factors. Moreover, a recent 288
Mendelian randomization study suggested that body mass index may confound 289 the association between UA and ischemic heart disease and hypertension . This mechanism may thus 321 provide a direct pathway by which UA may affect blood pressure.
323
There are some limitations to our study that need to be considered. First of all, the 324 diagnoses of hypertension at each screening visit were based on measurement 325 taken at a single visit, which may induce unreliable result and lead to 326 misclassification of blood pressure status. Furthermore, random measurement 327 error may also affect UA and other confounders, after the effect of random 328 measurement error is likely to attenuate the observed associations. As with other 329 observational studies, we cannot exclude the possibility of residual confoundings, 330 although we adjusted for BMI, eGFR, insulin concentration and several other risk 331
factors. Finally, our study comprised of apparently healthy young and middle-aged 332
Korean men and women. Approximately 80% of the participants were employees 333 of various companies and therefore these individuals are not entirely 334 representative of the whole population of Korea. Thus our findings may not apply 335 to other age groups or to other race/ethnicities. 336 337 Several advantages of this cohort, however, add to the strength of the findings. In 338 addition to the large sample size, the data was collected under standardized 339 conditions and followed uniform procedures by trained staffs. Laboratory methods 340 also were carefully standardized with rigorous internal and external quality controls. 341
Finally a major advantage of our study is that our sample was comprised of young 342 and middle-aged apparently healthy men and women, while participants in many 343 other cohorts tended to be older. Our findings are thus less likely to be affected by 344 selection bias and other biases due to disease development, presence of co-345 morbidities, and use of multiple medications that affect older cohorts. 
